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1 Distribution trend of trace elements in digestate exposed to air: laboratory-scale investigations using DGT-based fractionation 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 2 or handled before land spreading. In this study, we investigated at laboratory-scale the effect of 5 digestate aeration on the distribution of Al, As, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Se and 6 W using the diffusive gradients in thin films technique (DGT)-based fractionation. For this 7 purpose, experiments were performed to assess the variation in distribution between the labile, 8 soluble and particulate fractions over time in digested sewage sludge during passive and forced 9 aeration. Results showed that aeration promoted a dissolution of Al, As, Co, Cr, Cu, Fe, Mn, Mo 10 and Pb, suggesting a possible increase in their mobility that may likely occur during storage in 11 open tanks or handling before land spreading. Labile elements' fraction increased only during 12 forced aeration (except for Fe and Mn), suggesting that their short-term bio-accessibility can 13 increase only after significant aeration as the one assumed to occur when land spreading takes 14 place. 15 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 depends on their total concentration but also on their speciation (Hooda, 2010 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 therefore represents a "worst case scenario" compared to unstirred real scale tanks. A Tinytag 84 data logger (TG-4100, Gemini Data Loggers, UK) was used to record the temperature in the 85 sample every 10 min. The surface of the sample was exposed to air to promote oxidation of the 86 sample during 10 weeks. The surface to volume ratio varied from 0.39 dm -1 (7.1 dm 2 :18 L) to 87 0.51 dm -1 (7.1 dm 2 :14 L) during the experiment because of multiple sample collection (see 88 below). Therefore, passive aeration was progressively favored while the experiment continued. 89
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Then, aeration was enhanced during 2 supplementary weeks by introducing 4 micro-bubble air 90 diffusers in the digested sludge. All diffusers were connected to air pumps (Newair or Optima) 91 having airflow rates from 60 to 200 L/h. 92
Labile TEs were sampled by deploying three DGTs probes composed either of Chelex or Zr for 93 24h in the digested sludge. We choose a 24h deployment because it was shown previously to be a 94 good compromise for the studied elements in digestate (Laera et al., 2019) . 95
DGTs were deployed according to the following sequence ( Figure S1 ): every day for the 6 first 96 consecutive days; once per week from week 2 to 10; twice per week for weeks 11 and 12. Blanks 97 DGT devices were also prepared in duplicate and treated alongside exposed devices every week. 98
After DGTs' retrieval, we measured dissolved O 2 , redox potential (E h ) and pH. Additionally, we 99 collected an aliquot of sample to measure total and volatile solids (TS and VS), total and volatile 100 suspended solids (TSS and VSS) and soluble TEs. Additionally, we monitored sulfate (SO respectively. Dissolved oxygen was measured using a ProODO™ optical sensor (YSI). Each1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   8 sampling time, about 90 mL of sample was collected in duplicate to measure the total solids (TS), 107 volatile solids (VS), total suspended solids (TSS) and volatile suspended solids (VSS) according 108 to the French standard AFNOR NF T90-105 method. 109
The supernatant recovered during the TSS and VSS analysis was conserved to determine soluble 110
TEs (see section 2.4.2.). 111
Sample treatment and trace elements analysis 112
Total elements' content was determined at the beginning and at the end of the experiment using 5 113 g of raw sample. Each sampling time, soluble elements' concentration was determined from the 114 supernatant recovered during TSS determination. Supernatants and raw samples in duplicate were 115 acid digested with 6 mL of 69% HNO 3 and 3 mL of 37% HCl in a microwave oven (Multiwave 116 GO, Anton Paar GmbH) at 180°C for 60 min. 117
TEs were analyzed by inductively coupled plasma mass spectrometry (ICP-MS, Agilent 7700×) 118 except for Fe which was analyzed by microwave plasma atomic emission spectroscopy (MP-119 AES, Agilent 4210). Blanks and quality controls at 5 and 10 µg/L were analyzed every 10 120 samples. The recovery was equal or above 86% for each element, except for Sb and W which was 121 equal or above 79% and 76%, respectively, among all analyses. 122 2.5. Element's fractionations calculation
123
The fractionation procedure is presented in Figure 1 . Particulate elements' concentration was 124 calculated by subtracting the soluble to the initial total elements content. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Fractionation procedure adopted in this study to estimate total, soluble, particulate and labile elements' fractions.
127
After retrieval from the digested sludge, DGT samplers were rinsed with ultrapure water and 128 disassembled to recover the binding gels and determine labile elements concentration. The 129 accumulated mass (m) was determined following elution of binding gels in 2 mL of 1 M HNO 3 130 or 5×10
-3 M NaOH and 0.5 M H 2 O 2 for 24 hours for Chelex and Zr-binding gels, respectively 131 (see Table S1 for elution yields). The concentration of labile TEs, C DGT, was then derived using 132 equation (1) (Table S2 ) and corrected for the average temperature 138 recorded during each deployment using Stokes-Einstein relation (Zhang and Davison, 1999). 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 The method's limits of detection and quantification (namely MLD and MLQ for total and soluble 140 elements or MLD DGT and MLQ DGT for labile elements) are displayed in Table S3 and S4.  141   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 in Figure S2 . The results show that the water concentration and the VS content is nearly constant 145 throughout the experiment. In particular, the average water content was 96.2% ± 1.6 and the 146 average VS content was 63.9% ± 1.3. Moreover, the average pH of the digested sludge was 7.8 ± 147 0.3 and the E h was below -50 mV, whatever the aeration of the sludge. The latter is shown in 148 Figure S3 . 149
The total elements concentration in the digested sludge is shown in Table S5 . Except for Cd, Mo 150
and Ni, the concentration of total elements is not significantly different (p>0.05) at the beginning 151 and at the end of the experiment. For total Cd, Mo and Ni content the difference was significant 152 and could derive from an artifact caused by multiple sampling during the experiment if these 153 elements were not homogenously distributed in the sludge. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   12 and Mn rapidly doubled. This rapid release in solution generated a slight decrease in particulate 164 Fe (i.e. 4% less) and Mn (i.e. 5% less). Soluble concentrations of Al, Co, Cr, Cu, Mo and Pb were 165 below MLD or MLQ during most of the passive aeration sequence (Figure 2, Figure S4 ). 166
However, during forced aeration, the soluble concentration of these elements increased above the 167 detection limits and was followed by a decrease of their particulate concentration. In particular, 168 the soluble Mo concentration prevailed in its total content during forced aeration ( Figure S4) . 169
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